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XLI.  Tire Dis;ntegration Products of Umnlum. 
By G. ~.  A~ONOF~ *. 

I T is now generally accepted that uranium is the primary 
substance from which ionium and radimu with its series 

o[ products are derived. In old minerals, all ~ ray products 
in radioactive equilibrium with nr:.mium emit an equal 
number of ~ particles per second except uranium itself, 
which emits twice as many. Consequently either two ~ par- 
tides are emitted at the disintegration of each atom, or the 
uranium is in equilibrimn with an unseparated ~ ray product. 

Actinium and its products also occur in minerals in constant 
ratio to uranium, but their total activity is much weaker than 
that of uranimn. Boltwood1" has shown that the total 
activity of actinium together with its products is about 28 
per cent. of uranium. In explanation of this, Rutherford 
and others have suggested that actinium is a lateral branch 
arising at one stage of the uranimn-radium series. 

Thorium, although it is almost always present in uranimn 
minerals, is supposed to be an independent radioactive 
element, because its ratio to uranium in minerals varies 
within wide limits. 

The investigation of radioactive minerals from the point 
of view of the disintegration theory has made it clear that 
ionimn and radimn &c. are disintegration products of uranium. 
Also the growth of radimn in uranium salts has been directly 
observed $. On the other hand, it is known that UrX is a 
direct product of uranium, but at present no definite evidence 
of the transformation product of the former has been obtained. 
I t  has been pointed out by Danne w that UrX separated f'rom 
a large quantity of uranium leaves a constant a ray activity 
after complete disintegration. I t  is not known whether this 

ray product has actually grown from UrX, or has been 
separated from uranium~ which generally contains very many 
radioactive impurities. Soddy ]l, however, came to the con- 
clusion that UrX completely loses its activity with time. 
Several attempts have also been made to observe the growth 
of actinium in uranium. The experiments carried out by 
Soddy�82 showed that actinimn couht be detected in some 
uranium preparations, but no proofs were given that the 
original preparations were free from actinium. 

* Communicated by Prof. E. Rutherford, F.R.S. 
t Boltwood, Amer. Journ. Sci. xxv. p. 269 (19U8). 
$ Soddy, Nat. lxxx. p, 308 (1909) : -Phys. Z. x. p. 396 (1909). 
w Danne, Ee Radium, vi. p. 42 (1909). 
II Soddy, Phil. Mag. xx. p. 342. (1910). 
�82 Soddy, Loc. cit. 
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420 Mr. G. N. Antonoff on the 

Some irregularities in the behaviour of UrX have been 
noted by several investigators. Variations of the ~ rayactivity 
in uranium were observed by Meyer and yon Schweidler* 
in 1904. The question was examined later by Godlewski t,  
who ascribed the abnormal behaviou~ to the diffusion of UrX. 
Meyer and yon Schweidler also found a rapid decay in some 
preparations, indicating the presence of a product with a 
period of about 2 days. Becquerel:~ separated from uranium 
by charcoal some radioactive substance whose activity gre'z 
in 8 days to one and a half times its original value. Later 
Levinw repeated Becquerel's experiment, but could not 
separate anything but Ur_~. 

Soddy [I found that during the first ten days of decay some 
preparations of UrX decay faster than lhe normal rate. 

In all these investigations no evidence of the pm.ity of the 
uranium preparations has been given. The present research 
was undertaken with preparations of uranium trom which all 
known radioactive impurities had been separated. 

An account of the literature about uranimn and its products 
may be found in a review by St. Meyer (see Jahr. d. l~ad. 
vi. 1909, p. 381). 

E.~Terlments with Uranium X. 

As commercial uranium nitrate, even extra pure, generally 
contains very many radioactive impurities, several methods 
of purification were employed with the view of separating 
radium, actinium, and thorium with their series of products. 
These methods will be fully described later in the paper, but 
it may be mentioned here that special tests of the uranium 
preparations have attbrded a defimte proof that all radioactive 
impurities have been removed, k'he UrX was separat~,d by 
two methods. The first (-onsists in precipitating barium in 
the uranium solution as BaSU4, and the second in adding an 
iron salt to the uranium solution and precipitating it by 
boiling, These methods will be hereafter called the barium 
method and the ferric method respectively. 

I t  is known that UrX emits soft rays with an absorption 
coefficient in aluminium /~=500 (cm.) -1, and hard rays with 
/~=14. (em.) -1. The activities of the UrX preparations were 
measured first when uncovered, and afterwards through 
0"01 cm. of aluminium. The first measurement gave tim 

* 5Ieyer and v. Schweidler, Wien. 8itzber. cxiii, p. 1057 (1904). 
t Go41ewski, Phil. MtLg. x. p. 45 (1905). 
1: Becquerel, C. 3L cxli. p. 87 (1905). 
w Levin, Phys. Z. vii. p. 692 (1906). 
tt Soddy~ Phil. 3[aft. xix. p. $47 (1})10). 
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Disintegration Products of Uranium. 421 

total activity, and the second the activity due to the hard 
rays. 

UrX separated from uranium by the barium method gives 
for both types of rays exponential decay curves with practi- 
cally identical periods. Also the absorption curves of such 
preparations taken at different intervals after separation are 
always of the same shape, indicating that the UrX contains 
no other active product. 

When UrX is separated by the ferric method, a rapid 
initial drop in the decay curve is always observed, if the 
preparation is uncovered. The activity of the UrX thus 
prepared, when measured through 0"01 cm. or more of 
aluminium, decays exponentially with the same period as the 
preparations obtained by the barium method. The absorp- 
tion curves of the ferric preparations show the presence of a 
much larger quantity of soft fl rays than is found in the 
barium preparations. 

Fig. 1. 

Z~ 
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I 

t I 
I 

Time in days. 
The experimental results for the barium preparations are 

given in fig. ], and plotted as curves [ and 2. Curve 1 
gives the activities of an uncovered preparation, and curve 2 
those through 0"01 cm. of aluminium. 

Phil. Mug. S. 6. Vol. 22. No. 129. Sept. 1911. 2 F 
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422 Mr. G. N. Antonoff on the 

The curve for hard rays gives a half period of 23"5 days. 
The curve for the uncovered preparation seems to give a 
slightly lower period of about 23"0 days, but the difference 
is within the limits of experimental error. 

To obtain the recovery curve of uranium, the UrX was 
completely separated from uranium by boiling the solution 
of uranium nitrate with a large quantity of ferric oxide. 
The ferric oxide was filtered off and the above process 
repeated several times. The uranium nitrate was converted 
into oxide, which was spread on a tray and placed under a 
/~ ray electroscope. Its activity was measured for several 
months. The initial value soon after the separation was 
found to be 0"05 div. per minute. The constant maximum 
value after several months was found to be 9"?, divs. per 
minute. The half value was reached after about 23"5 days, 

Fig. 2. 

. ,  . . . .  I I I 
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I 

corresponding to the half period found from the decay of 
UrX.  Curve 1 in fig. 2 shows on a large scale the initial 
part of the theoretical curve calculated from the equation 
I / Io=l - -e  -xt, where I o is the maximum activity and I is the 
activity at any time t, taking for X the value corresponding 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 0
6:

45
 2

1 
Ju

ne
 2

01
6 



Disintegration Products of Uranium. 423 

to a half period of 23"5 days. The points m,n~rked oll the 
curve show the values obtained experimentally. I t  is seen 
tilat they agree with the theoretical curve within the limits 
of experimental error. There is thus no evi(lenee of any 
intermediate change between uranium and UrX*.  

Ex2oerlmental ~lfethod. 
Before discussing the results obtained with ferric prepara- 

tions, it is necessary to describe briefly the method employed 
to detect the soft radiations when mixed with the radiation 
o~' UrX. As UrX separated fi'om pure uranium by the 
ferric method is accompanied by some soft radiation, a 
special experimental arrangement was adopted to measure 
all soft and hard rays under the same conditions. A /3 ray 
electroscope with its opening covered with thin aluminium 
sheet of 0"00025 era. thickness was employed. The radio- 
active preparation was clamped to the bottom of the electro- 
scape so as to be directly under the opening, and always in 
the same position. The sheets of absorbing material were 
placed between the opening and the radioactive preparation, 
and were thus compressed by the clamp. Special care was 
taken to avoid any displacement of the radioactive prepara- 
tion when large thicknesses of foil ~ere used. In this way 
i~ was possible to obtain practically the full effect in the 
eleetroscoFe of the hard and soft /3 rays. The ~ ray effect 
is, however, diminished more than that due to the /3 rays, 
because they have to pass through about 0"8 cm. of Mr 
before reaching the aluminium foil, whose thickness is equi- 
valent to 0"5 cm. of air, or in other words, the loss of a ray 
activity is that due to a shortening of the range by 1"3 cm. 
of air. This experimental arrangement is convenient for 
taking absorption curves because the almninium foil prevents 
air currents in the electroscope. In some cases, however, 
when a stronger effect from the a rays was desired, the 
measurements were taken in an identical electroscope ~ ithout 
an aluminium foil. In this case there was no absorption of 
the radiation, and the ionization produced corresponds to the 
whole path of the a rays. The absorption curves for the pre- 
parations of pure U r X  show that if the film is very thin, 
the ratio of the total activity to that of the preparation 
measured through a standard sheet o~ 0"01 cm. of almnininm, 
which allows only the hard rays of UrX to pass, is invariably 
2"15 under the experimental conditions. I f  UrX is accom- 
panied by some additional soft rays this ratio is much higher, 

* The meaning of the dotted curve 2 will be explained la~er. 
2 F 2  
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424 Mr. G. N. Antonoff on the 

and in some cases the activity does not decay exponentbdly 
if measured without absorbing screens. However, the radia- 
tion passing through 0"01 cm. of aluminium decays normally 
with the same period as the pure barium preparations. 
Therefore if the activity of the preparation is measured 
through 0"01 cm. of aluminium, and the value obtained 
multiplied by 2"15, the total activity at any time due to UrX 
alone can be calculated. The UrX activity is then sub- 
tracted from the total activity to obtain the activity of the 
product mixed with iL 

The Product . - - I t s  Decay and Absorption. 
The ferric preparations were examined by the method 

already described, and several curves were obtained showing 
that a soft ray product which decays in a few days is always 
present in small quantity. Several attempts were made to 
separate a hlrge quantity of this product from uranimn, but 
in all cases its activity is small compared with that  of the 
UrX with which it is separated. Owing to the very similar 
chemical properties of UrX and the new product, it was 
not found possible to isolate the latter, for it was always 
accompanied with UrX *. When UrX and the product are 
separated from uranium in equilibrium by the ferric method, 
a preparation is obtained containing so much UrX tha~ it is 
sometimes difficult to measure its activity with the electro- 
scope. Further  separations bring down less and less of UrX 
and the product. The separation is then repeated after 
allowing it to stand for a few days. The new product is 
then separated with comparativelylit t le UrX.  To determine 
the absorption of the radiation it is necessary to prepare very 
thin fihns. For this purpose the method of' separation was 
sometimes modified, k'he uranium was dissolved in a half 
normal solution of ammonium carbonate, a trace of ferric 
s:llt added, and the solution boiled and filtered. The iron 
precipitate was washed with alnmonium carbonate solution 
to remove the traces of uranium, and the filter-paper was 
tlien burnt ; the ashes in a very thin layer were placed on a 
tray.  In this way, atthough it was necessary to work with 
large volumes, it was easy to make the separation with only 
minute traces of iron. These preparations were examined 
by the electroscope already described. The decay curves 
are given in fig. 3. 

* Information on the chemical properties of UrX may be found in 
the paper by Lloyd, J. of Phys. Chem. xxiv. p. 509 (1910). See als 
Keetman, Jahr. d..Rad, vi. p. 265 (1909). 
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Disintegration Products o/ Uranium. 425 

Cm've 1 is the decay curve of the uncovered preparation, 
and curve 3 the decay curve through 0"01 era. of alumlnium. 

Fig. 3. 

\ 

D- 

h~ 

l . 

. . . .  t 

o g.~ /J 
Time in days. 

I f  the activities in curve 3 are multiplied by 2"15, curve 2 
representing tile total activities of U r X  is obtained. Curve 4, 
which is the decay curve of the product, was obtained by 
taking the difference beta'een curves 1 and 2. It should be 
noted that curve 2 coincides with curve 1 about ten days 
after  separation of the uranimn X, indicating that no other 
product except U r X  then remains. 

The period of the new produe~ deduced from the curve is 
1"5 days. A number of other curves obtained i n a  similar 
manner  gave about the same period of ileeay. I t  is proposed 
to call the new product uranium Y (UrY).  

I t  is now necessary to Consider the types of radiation 
emitted by this new product. Special experiments were 
made to test whether any = rays were present. I t  is 
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426 Mr. G. N. Antonoff on the 

known that UrX emits only 13 rays, and no appreci,ble 
quantity of uranium was present in the fihn. The new pro- 
duet, UrY, and UrX, were separated With as little material 
as possible, then spread on a small area, and placed imme- 
diately under a zinc sulphide screen. After the eye bad 
been thoroughly rested in a dark room, the scintillations 
were counted by a low-power microscope. Immediately 
after separation, "2-3 scintillations per minute were observed. 
The average nmnber could be measured with sufficient 
accuracy by taking a large nmnber of readings. The 
counting was continued during three days, and the average 
nnmber of scintillations were fbund to diminish. The period 
could not be determined with accuracy; but the res~flts 
indicated tha~ the ~ rays were emitted by a product whose 
half period of decay was about 1"5 days. Finally, the 
number of scintillations became too small in number to be 
counted. 

These experiments indicate that UrY emits some a ravs; 
but at the same time it should be pointed out that the number 
of ~ particles observed is small compared with that to be 
expected frmn the /3 ray activity of the product. Experi- 
ments os this character, where only one or two scintillations 
appear per minute in the microscope, are very difficult, but 
every precaution was taken to avoid error. 

Further  evidence in support of the view that UrY emits 
p:lrticles can be obtained from an examination of the initial 

part of the absorption curve. 
A preparation, in which the activity of the product was 

about 30 per c~nt. of that of the UrX mixed with it, was 
examined and its absorption curve was taken immediately 
after the separation. To determine the absorption of the 
product it is necessary to subtrae~ the absorption of pure 
UrX. This can be accomplished either by taking a barium 
preparation or a ferric preparation after the short-llved 
product has completely decayed. The absorption curves are 
shown in fig. 4 (curves 1 and 3). 

Curve 1 is the absorption curve of UrX and the product 
and curve 2 is that of pure UrX. The two curves were re- 
duced to the same scale by equating the values of the activities 
through 0'01 cm. of aluminium. I r is  seen that for hard ra3"s 
the absorption curves are identical. 

Curve 4 was obtained by taking the difference between 1 
and 2, and it represents t]~e absorption curve of the product. 
This curve shows a rapid initial drop, which corresponds to 
the a ray effect diminished by 1"3 era. of air. The remainder 
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Disintegration Products of Urani~m. 427 

el  the curve is practically an exponential curve with/~ about 
300 (cm.) -1 for almninium. 

Fig. 4. 

.:2 

Thickness of aluminium, one foil corr. 

k . _ _  

about 0"5 cm. of air 

In tile above experiments the electroscope was covered 
with 0"00025 cm. of aluminium ; but if  the electroscope was 
used without an aluminium leaf, the effect due to the product 
is a little more than doubled (see fig. 5, "p. 428). 

Tile/~ radiation is about 25 per cent. of the total, and the 
absorption coei~clen~ of the a rays in aluminium calculated 
in the ordinary way is about 2500 (cm.) -1, and is about that 
to be expected for a rays of average range. '"his a ray effect 
cannot be attributed t o  a small quantity of uranium in the 
film, for it is seen that the rapid drop in the absorption curve 
disappears in a few days. The preparations were examined 
after  about ~wo months, and it was found that the activity 
due to traces of uranium could be only about 0"1 div. per 
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428 Mr. G. N. Antonoff on the 

minute. (In figs. 3 and 4 the activities are expressed in 
terms of the number of divisions per minute actually observed 
in the electroscope.) 

�9 f 3  

t~, 

t l  

~ g 

"r- 
, ~  

4 l' 
) 

Fig. 5. 

t l 

v "f tO I s  20 ~ , '~ 3 X  4-0 r  .r ,~5 tO 5~ 7e ~'S 

Thickness of alumlnium, one foll equivalent to 
about 0'5 era. of air. 

The Position of the New Product. 

Since UrY is always present in purified uranium, it follows 
that it must be derived in some way from that substance. 
From a given quantity of uranium, only a small amount of 
UrY could be separated at a time. I t  was  calculated that 
the electric effect due to UrY, under the experimental con- 
ditions, was only about 1/60,000 of the total a ray effect due 
to the amount of uranimn from which it was separated. The 
first separations by the ferric method remove most of the 
product, and when the successive separations are made at 
short intervals, the amount separated becomes much smaller. 
I t  consequently follows that either this product is present in 
very small quantities or the method of separation is ahnost 
ineffective. In the latter case it is natural to suppose that 
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Disintegration Products of Uranium. 429 

UrY is the second a ray product in uranium. However, the 
following consideration shows that such is not the case. If 
UrY is the second product in equilibrium with uranium, its 

ray activity should be equal to about one half the total 
activity of uranium. S~nce the product shows a strong 
/3 ray effec~ compared with the a ray effect, the absorption 
curve of uranium should indicate the presence of a large 
proportion of the soft rays characteristic of the product. 
However, the absorption curve (see fig. 6) of m'anium in a 

/3 

t , t  

Fig. 6. 

9 

"~ 6 

T t r -  I 
~- Thicknesses of alumlnium, one foll equivalent to 

about 0'5 cm. of air. 

thin layer shows that besides a rays only the rays of UrX 
can be detected. Consequently it does not appear probable 
that UrY is the second product in uranium. 

In considering the possible position of this product in the 
uranium series, several factors have to be taken into con- 
sideration. The evidence indicates that the new product is 
not transformed into UrX, for we have seen that the/9 ray 
rise curve of uranium, from which UrX and UrY were 
separated by the ferric method~ is quite normal in its initial 
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430 Mr. G. N. Antonoff o~ the 

stages. If  UrY is intermediate between uranium and UrX, 
the rise curve to be expected is shown by the dot,~ed cuvve 
in fig. 2. There is no evidence that UrY is in this sense au 
intermediate product between uranium and UrX. At the 
same time, it should be pointed out that it is difficult to draw 
such a conclusion with certainty, for it is based oll the 
assumption that all of [~rY is separated with UrX. 

The princip;~l difficulty encom)tered is that there is no 
direct method of showing that UrY is completely separated. 
In the case of UrX, the proof of complete separation is quite 
simple on account of the quantity of UrX, and the penetrating 
power of i~s rays, while the comparison of the/~ ray activity 
of uranium before and after separation of UrX is quite 
definite. There is, however, some indirect evidence that 
UrY, under certain conditions, is also completely separated, 
for with small quantities of iron used in successive precipi- 
tations both UrX and U r u  were obtained in diminishing 
quantities. Large quantities of iron are favourable t e a  
complete separation, but on account of the soft radiation of 
UrY small quantities of iron had to be used to obtain thiu 
films. With large quantities of iron, the UrX can be 
separated completely after a few precipitations, as was 
shown on page 422. It  seems very probable that~ under 
such conditions, U r u  must be also precipitated more or less 
co m t)letel v. 

When large quautities of iron are used in the precipitation 
UrX and UrY are separated with a thick layer of iron. In 
consequence of the absorption of the B rays in this layer it 
is difficult to draw any definite conclusions from snch an 
experiment in regard to the relative amount of radiation due 
to the two products. On the other hand, the initial part of 
the recovery curve of UrX in uranium, treated with a large 
quantity of iron, should show some indication of the presence 
of UrY if it is an intermediate product; but, as we have 
seen, the recovery curve is quite normal. 

It may be mentioned here that the a ray activity of a film 
of uranium of known weight before and after treatment with 
a large quantity of iron was determined ; bu~ no appreciable 
change of a ray activity was observed. 

In addition Uru  does not seem to be a direct product 
(immediate or otherwise) of UrX, for in such a case one 
would expeci larger quantities of it in old preparations than 
in those freshly prepared. On the contrary, experiments 
show'ed that the amount separated from uranium several 
years old is of ihe same order as that separated after a few 
days froln fi'eshly purified uranium. 
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Disintegration .Products of Uranium. 431 

I t  is difficult at the present time to draw any very definite 
conclusion of the connexion of UrY with the uranium series, 
but the general results indicate strongly that UrY is not a 
product  in the main series, but is a braJ~ch product of uranium. 

Pur~cation of Ura~dum. 
100 gr. of uranimn nitrate were taken and BaCl~ was 

precipitated in it several times as BaS04. Subsequently the 
uranium nitrate Solution was evaporated to dryness and kept 
at 110 ~ (J. I t  was then extracted with (~ry ether and 
crystallized three times as nitrate. Some ferric oxide was 
added to the above uranium nitrate solution and separated 
after boiling. I t  was found by measuring the decay curve 
that. a considerable amount of soft rays not belonging to 
UrX was present. From the above curve the decay curve 
of UrX was subtracted. The resultant decay curve was of 
the same nature as the one obtained when ferric oxide was 
added and separated from an actinium solution, i t  was, 
therefore, very probable that actinium was not separated by 
the ordinary extraction with ether. 

The following method was afterwards emplayed. A kilo- 
gram of uranium nitrate was taken and BaS04 was precipi- 
tated in it three times. Since actinium and lanthanum are 
precipitated together, 10 gr. of lanthanum nitrate were added 
to the uranium solution and precipitated b,r adding an excess 
of' a ho~ solution of ammonium oxalate. ~ After  2~ hours 
the precipitate of lanthanum oxalate was filtered off, and 
the uranimn twice crystallized as double ammonium uranium 
oxalate. Then the uranium was again converted into nitr:~te 
and 10 gr. of lanthanum nitrate were again added. The 
solution was evaporated to dryness, kept at 110 ~ C., and the 
uranium was extracted with dry ether and erystallized twice 
as nitrate. The lanthanum was found to be very active. 
I t  was converted into nitra(e and boiled with an excess of 
Na2SeO~. The precipitated sulphur entrained UrX,  and after 
ignition a strong preparation of UrX~ without a visible 
amount of weigh:tble substance, was left. After six months 
a part  of the above nranimn, converted into oxide, was placed 
on a tray 18 x 18 era., and a plate of the same size connected 
with the negative pole of a battery placed above it, for 24 
hours. No traces of actinimn or thorium active deposit 
could be detected on the plate.. 

Another kilogram of uramum nitrate was treated in a 
different way. To i~ was added some (horium from which 
mesothorimn had been separated, and afterwards an excess 
of a hot solution of oxalic acid. After a few days the 
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432 The Disintegration Products oJ Ura~dum. 

scarcely soluble uranium oxalate was separated from the 
mother liquor by suction, and dissolved in a large quantity 
of hot water. It  was then filtered, evaporated to dryness, 
and converted into the nitrate. This uranium nitrate might 
possibly have contained traces of thorium, because the 
thorium oxalato might have gone through the filter=paper. 
Therefore some inactive rare earth was added and separated 
as above. 

After these separations, BaSe4 was precipitated three 
times in the uranium solution with the object of separating 
radium and mesothorium if present. Then a mixture of 
lead and bismuth was added and precipitated with H:S to 
separate polonium if present, and finally uranium was twice 
crystallized as nitrate. 

The first method was employed for the separation of 
actinium, and is convenient because of the considerable solu- 
bility of uranium oxalate in ammonium oxalate. The second 
method, although very difficult because of the small solubility 
of uranium oxalate in water, was employed to separate with 
thorium both actinium and ionium. 

Both preparations of uranium showed only the growth of 
UrX and the product with the period 1"5 days. All these 
precautions were necessary since the method used for the 
separation of UrX separates in addition actinium and its 
products, thorium X, mesothorium and polonium. 

~Q,u~lTJla r f f  ., 

(a) It h'as been shown tha~ a product called UrY with a 
.period 1"5 days is always present in small quantities 
m uranium. I t  emits soft B rays with an absorption 
coefficient /~=300 (cln.) -1 and probably also some 
a rays. 

(b) In its chemical nature the product is very similar to 
UrX, and it has not been found possible to sepurate 
it chemically from lhe latter. 

(c) The experimental results described in this paper indi- 
cate that U r u  is a lateral disintegration product of 
uranium and is produced in small quantity compared 
with UrX. 

In conclusion, I wish to express my best thanks to 
Professor Rutherford for placing the necessary facilities at 
my disposal, and for the interest he has taken in the work. 

University of Manchester, 
June ]9H. 
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